INTRODUCTION: Cardiovascular diseases and stroke are steadily the leading causes of death in Latvia. Therefore, the greatest efforts should be given to recognize associative factors which may be modifiable to decrease the burden of ischemic events. OBJECTIVES: The aim of this study was to examine the frequency of aspirin and clopidogrel resistance and its associated risk factors in patients with acute cerebrovascular events. METHODS: The prospective, descriptive study included 204 patients. Patients were considered biochemical resistant to aspirin if platelet aggregation was ≥550 ARU, whereas biochemical clopidogrel resistance was defined when platelet inhibition was >230 PRU.
Introduction
According to the World Health Organization, ischemic heart disease and stroke are the leading causes of global death rates around the world, accounting for 15.2 million deaths in 2016 (World Health Organization, 2018) . Likewise, cardiovascular diseases and stroke are steadily the leading causes of death in Latvia (OECD, 2017) . Therefore, the greatest efforts should be given to recognize the associative factors which may be modifiable to decrease the burden of ischemic events for the improvement of preventive measures of cerebrovascular diseases. Atherosclerosis is a chronic systemic inflammatory disease affecting all arteries in the body, where platelet activation takes one of the main roles (Badimon et al., 2012) . Therefore, antiplatelet therapy is recommended as standard therapy for the prevention of stroke (Kim et al., 2009) . The most commonly used antiplatelet agents for the prevention of ischemic stroke are acetylsalicylic acid (aspirin) and clopidogrel. According to guidelines, aspirin is the first line therapy for atherothrombotic stroke prevention (Powers et al., 2018) . However, clopidogrel has also shown equal effectiveness in preventing recurrent ischemic stroke compared to aspirin (CAPRIE Steering Committee, 1996) . If there is a resistance to antiplatelets, the prevention of stroke is not sufficient and it may lead to recurrent atherothrombotic events.
Resistance is defined as the ability to not be affected by something (English Oxford Dictionary, 2018 ). An exact definition of "resistance" to antiplatelet therapy on the basis of physiology does not exist. Therefore, patients should be categorized as sensitive versus resistant to antiplatelet drugs (Feher et al., 2010) . The term clinical aspirin failure (clinical 'resistance') refers to those patients who have had recurrent ischemic events while on aspirin therapy. The term platelet non-responsiveness to aspirin (laboratory 'resistance', biochemical aspirin resistance) describes the inability of aspirin to inhibit arachidonic acid and/or collagen induced platelet aggregation (Mijajlovic et al., 2013) . The mechanism of antiplatelet resistance is multifactorial. These mechanisms can be divided into clinical, cellular and genetic factors. Clinical factors are the poor compliance to prescribed medication, problems with drug absorption, drug interactions, hyperglycemia, hyperlipidemia. Cellular factors are the dysregulation of COX-1 (cyclooxygenase-1) and COX-2 mRNA, platelet activation by erythrocytes and fluctuations of hormone levels. Genetic factors are the polymorphism of enzymes, their receptors and clotting factors (Fong et al., 2011) . Although the exact prevalence of antiplatelet resistance in ischemic stroke is not known, the prevalence of clinical aspirin failure ranges from 5% to 60% (whereas clinical clopidogrel resistance has been reported from 4 to 30% (Kim et al., 2018; Nguyen, Diodati, &Pharand, 2005) . The causes of discrepancy in the prevalence of antiplatelet medications can be explained by different factors. Nevertheless, there is need to identify those patients, who may have resistance to antiplatelet medications because this could be one of the measures which may be managed to decrease the high incidence of cerebrovascular events in Latvia. Therefore, the aim of the study was to examine the frequency of aspirin and clopidogrel resistance and its associated risk factors in patients with acute cerebrovascular events.
Materials and methods
The prospective, descriptive study included patients hospitalized in the Neurology Department of PaulsStradins Clinical University Hospital between October 2016 and December 2017. Inclusion criteria for all consenting patients were as follows: age older than 18 years; hospitalization due to acute ischemic stroke or transient ischemic attack; intra-or extra cranial severe artery stenosis; use of dual antiplatelet therapy (aspirin (100mg) and clopidogrel (75mg)) at least for 5 days. Excluding criteria were: the period of dual antiplatelet therapy less than 5 days; technical errors as hemolysis of blood sample or long blood sample transportation period to the laboratory (more than 2 hours); patient disagreement to participate in the study. A biochemical resistance test was performed using a peripheral blood sample taken from both arms of patients into 2 Greiner Vacuette tubes containing 3.2% sodium citrate. Samples were collected at the hospital with subsequent transportation to laboratory in an hour. Platelet function was determined through the VerifyNow System analyzer. The VerifyNow System analyzer measured aspirin induced platelet dysfunction with arachidonic acid as an activating agonist. The results were expressed in Aspirin Reaction Units (ARU). Clopidogrel induced platelet dysfunction was measured using ADP (adenosine diphosphate) and PGE1 (prostaglandin E1), thrombin receptor activating peptides as activating agonists. The results were expressed in Plavix Reaction Units (PRU). Patients were considered biochemical resistant to aspirin if platelet aggregation was ≥550 ARU, whereas biochemical clopidogrel resistance was defined when platelet inhibition was > 230 PRU. The demographic data, comorbidities (diabetes mellitus (DM), arterial hypertension (AH), coronary artery disease (CAD), congestive heart failure (CHF), oncology, atrial fibrillation (AF), peripheral artery disease (PAD) and cerebrovascular events), vascular risk factors, previously administrated medications were obtained from patient's medical records and recorded on a standardized form. Informed consent was obtained from all participants of the study. Ethical permission was granted by the University of Latvia Ethics Committee. Descriptive statistics were used to analyze the demographics and clinical characteristics of the population. The normal distribution of data was tested with the Kolmogorov-Smirnov test. Categorical variables were presented as counts and percentages. Continuous variables were described as the median and interquartile range (IQR). To explore an association between categorical variables the Chisquare test was performed. Continuous variables were compared with the Mann-Whitney U test. A two-sided p-value < 0.05 was considered statistically significant. To understand whether differences were statistically meaningful, Cramer's V (<0.3=small effect size, 0.3 -0.5 = medium effect size, >0.5=large effect size) for Pearson Chi-square test and r (<0.3=small effect size, 0.3-0.5=medium effect size, >0.5=large effect size) for Mann-Whitney U test were used. Statistical analyses were performed using IBM SPSS Statistics (version 23 for Windows, IBM Corp., Somers, NY, USA).
Results

Frequency of aspirin and clopidogrel resistance.
A total of 204 patients with an ischemic stroke or transient ischemic attack (TIA) were studied. There were33% (n=68) females, median age of the study population was 72 (IQR 61-80) years. Biochemical aspirin resistance was found in 27 patients (13%), whereas clopidogrel resistance -in 44 patients (22%). Five patients (2%) had resistance to both antiplatelet drugs. The frequency of aspirin and clopidogrel resistance is shown in Figure1. 
Source: Authors
Risk factors associated with aspirin resistance. The proportion of gender distribution in aspirin resistant and sensitive groups were equal. Although patients were older in the aspirin resistant group than in the aspirin sensitive group (Me 76 vs. Me 67, p=0.005), the effect size of statistical significance was small (r=0.2). Analyzing frequencies of comorbidities (DM, AH, CAD, CHF, oncology, AF, PAD and cerebrovascular events) in both groups, there was no significant difference between aspirin sensitive and resistant groups. Demographic and clinical characteristics of aspirin sensitive and resistant patients are listed in Table1. In the analysis of biochemical blood parameters -lipid profile, glycosylated hemoglobin (HbA1c), Creactive protein (CRP) and white blood cells count (WBC) -none were associated with aspirin resistance, except the level of triglycerides. Patients who were resistant to aspirin showed lower levels of triglycerides (p=0.001; r=0.26) ( Table 2) . Severity of carotid artery stenosis in our study was not associated with aspirin biochemical resistance (p=0.65; Cramer V=0,131). The frequency of carotid artery occlusion was higher in aspirin resistant group, but the difference was not statistically significant (15.8% and 22.2%, p=0.52) . Laboratory data of aspirin sensitive and resistant patients are listed in Table 2 . 
In the analysis of previously and in a hospital setting used medications (angiotensin-convertingenzyme inhibitors (ACE-I), calcium channel antagonists, beta blockers, angiotensin II receptor blockers (ARBs), loop diuretics, proton pump inhibitors and diabetes medications), there was no statistically significant differences between aspirin sensitive and resistant patients (p>0.2).
Risk factors associated with clopidogrel resistance.
Comparing gender distribution between clopidogrel sensitive and clopidogrel resistant groups, there was no statistically significant difference between both groups. Median age was similar in both groups (Me 68.5 vs. Me 72.5, p>0.05). In the analysis of comorbidities (AH, CAD, CHF, oncology, AF, PAD and cerebrovascular events), patients with hypertension grade 3 were more prone to have resistance to clopidogrel than patients with hypertension grade 1 and 2, but the difference was not statistically significant (p>0.05). There was significant difference of DM prevalence where DM was more frequent in clopidogrel resistance group (15.6% vs. 40.9%; p=0.001; r=0.255). Demographic and clinical characteristics of clopidogrel sensitive and resistant patients are listed in Table 3 . Source: Authors There were also higher levels of HbA1c in the clopidogrel resistant group (5.8 (5.5-6.4) vs. 6.7 (5.7-8.7), p=0.016; r=0.23). Apart from significant association between HbA1c and clopidogrel resistance, there was also association with lipid profile. Patients with a clopidogrel resistance had higher level of triglycerides (1.7 (1.3-2.6)) than patients sensitive to clopidogrel (1.4 (1.1-2.0), (p=0.033; r=0.16)). There was a tendency of slightly elevated high-density lipoprotein levels (1.2 (1.0-1.4) in resistant compared to clopidogrel sensitive group (1.1 (0.8-1.3), (p=0.027; r=0.16)), however the effect size of statistical significance was small. Laboratory data of clopidogrel sensitive and resistant patients are listed in Table 4 . 
Source: Authors
Apart from drugs administered for DM, there were not any observed statistically significant differences between clopidogrel sensitive and resistant groups when previously used medications in outpatient setting were compared. In hospital settings, administration of insulin (5.6% vs 18.2%, p=0.013, Cramer's V=0.187) and gliclazide (0.6 vs 9.1%, p= 0.08; Cramer's V=0.225) was more frequent in the clopidogrel resistant group than in the sensitive group. Previously used medications which showed association with clopidogrel resistance was the diabetic drug -metformine which was more frequently used in the clopidogrel resistant group than the sensitive group (p=0.036).
Discussion
In our study aspirin resistance was confirmed in 27 (13% of 204) patients and clopidogrel resistancein 44 (21.6%) patients. Using rough estimation, there could be approximately 250 147 clopidogrel and 407 647 aspirin resistant inhabitants in Latvia (United Nations, 2017) . In previous studies, aspirin resistance varied from 5 to 60% (Kim et al., 2018; Zhang et al., 2017) and clopidogrel resistancefrom 4 to 30% (Nguyen et al., 2005) . Considering clinical and laboratory parameters being associated with resistance to aspirin, we haven't found any specific risk factors, except triglyceride levels (p= 0.001, r= 0.26). The association between aspirin resistance and triglyceride levels was previously described, although, the pathway is still unknown but it may be explained by diminished platelet membrane fluidity resulting in insufficient inhibition of platelets (Karepov, Tolpina, Kuliczkowski, &Serebruany, 2008) . Hovens et al. (2007) also noticed that aspirin resistance was associated with higher triglyceride levels in diabetic patients. It has been suggested that there is a correlation between high triglyceride level and aspirin resistance (Karepov et al., 2008; Liu et al., 2011; Uzun et al.,2015) . However, the results of our cohort showed a contrary association. There was association between lower triglyceride levels and aspirin resistance. The explanation of our results could be related to the administration of high dose statins in the aspirin resistant group where patients had more often severe carotid artery stenosis or occlusion. It has been established that statins significantly reduce triglyceride levels by 10-19% (Miller, n.d; Colhoun, et al.,2004; Scandinavian simvastatin survival study group, 1994; Ridker et al., 2008) . Further investigations should be provided to confirm these statements. In our study there was no association between gender and aspirin resistance (p=0.99), which is according to the findings from a study by Becker et al.(2006) . Although the authors of the literature review concluded that women are less responsive to aspirin in myocardial infarction rates (Yerman, Gan, & Sin, 2007) , they found that low dose aspirin decreased platelet activity equally in both genders, despite of the higher platelet activity on baseline and additional risk factors such as menopause and hormone therapy (Becker et al., 2006) . However, mechanism of distinct aspirin effect on platelets in men and women remains unknown (Becker et al., 2006; Yerman et al., 2007) . In our study, there was no significant difference of genders between clopidogrel resistant and sensitive groups as well, whereas in population-based studies female gender was more prone to increased risk of clopidogrel resistance (Su et al. 2017; Sakr, Alamri, Almoghairi, Alkhudair, & Al Masood, 2016) . The discrepancy of these results may be due to different population groups. Lately, it has been shown that genetic factors also have influence on resistance to clopidogrel, but significant association between gender and P2RY12 and ABCB1 gene rs1045642 (Su, Hu, & Li, 2015) polymorphisms haven't been found. Some factors, that are associated with antiplatelet drug resistance such as non-compliance, absorption, dosage, drug interactions, need to be discussed in more detail. In this study the administration of antiplatelet drugs was closely monitored, therefore non-compliance was excluded. It is essential, because in another study patients who were estimated as "resistant" became sensitive to antiplatelet drugs after a controlled drug administration in hospital setting (Meen et al., 2008) . In our study coated aspirin was used, which is absorbed in the duodenum. Based on available studies, during the exchange to other forms of aspirin (immediate-release aspirin or chewing enteric-coated aspirin), "pseudoaspirin" resistance may be observed by delayed and diminished drug absorption (Grosser et al, 2013; Cox et al., 2006) .For safety reasons, the 100 mg aspirin dosage was used because studies have shown increased bleeding risk with higher aspirin doses (Kim et al., 2018; Antithrombotic Trialists' Collaboration, 2002; Rodrıguez & De Abajo, 2001) . The association between aspirin dose and medication resistance was out of the scope of this study. In our study association between antiplatelet resistance and interaction with other drugs such as proton pump inhibitors, beta blockers, ACE-Inhibitors, ARBs, diuretics, hypoglycemic drugs was not found, although it is known that cytochrome P450 3A4 agents (e.g. statins) can block the transformation of clopidogrel to its active metabolite (Grotta et al., 2016) . Antiplatelet activity may be diminished by cytochrome P450 2C19 inhibitors (e.g. proton pump inhibitors) as well (Grotta et al., 2016) . Mainly omeprazole and esomeprazole have a greater effect on clopidogrel metabolism by the reduction of antiplatelet activity, therefore proton pump inhibitors such as omeprazole should be avoided in coadministration with clopidogrel according to the recommendations by the USA Food and drug administration (Johnson, Chilton, & Liker, 2014; Rodrıguez et al., 2001; Food and Drug Administration, 2009 ). Furthermore, nonsteroidal anti-inflammatory drugs have suppressive effects on the antithrombotic action of aspirin by reversibly binding to COX -1 (Shibata, Akagi, Nozawa, Shimomura, & Aoyama, 2017) . In our cohort, patients with diabetes had a higher propensity towards biochemical clopidogrel resistance whereas association with aspirin resistance was not found. Diabetes, elevated Hb1Ac were previously found to be associated with increased prevalence of clopidogrel resistance (Sakr et al., 2016; Jung, Tantry, Gurbel, &Jeong, 2015) . However, data of association between diabetes and aspirin resistance are controversial. Tasdemir et al.(2014) have found that the prevalence of aspirin resistance is similar in diabetic and non-diabetic patients, whereas there are several studies without similar findings (Gokalp, Tuzcu, Irmak, Bahceci, & Demirpence, 2014; Antithrombotic Trialists' Collaboration, 2002) . Patients with DM have increased prothrombotic condition due to platelet dysfunction, platelet aggregation and activation, increased platelet turnover caused by oxidative stress, persistent thromboxane-dependent platelet activation, increased P2Y12 receptor signaling, insulin resistance and increased protein glycosylation (Du, Lin, & Wang, 2016; Prabhakaran, Wells, Lee, Flaherty, & Lopes, 2008) . Although weight was not evaluated in our study, obesity is also associated with increased platelet activity, adhesiveness and diminished response to antiplatelet drugs (Du et al., 2016) .
Conclusions
Biochemical aspirin and clopidogrel resistance are quite common in patients with cerebrovascular diseases in Latvia. Our study found that patients with diabetes and elevated glycosylated hemoglobin level were more prone to clopidogrel biochemical resistance while conclusions about the association between aspirin resistance and clinical and laboratory data remain inconclusive. It is not recommended to test patients routinely for antiplatelet resistance. However, it could provide some benefits in high cerebro-and cardio-vascular risk patients and in cases of recurrent atherothrombotic events. Laboratory tests for antiplatelet resistance could help to establish an individualized treatment plan for each patient. However, further studies are needed to determine whether there is a clinical correlation with biochemical antiplatelet resistance in a larger cohort of cerebrovascular disease patients.
